Active Galactic Nuclei and Galaxy Interactions by Alonso, M. Sol et al.
Mon. Not. R. Astron. Soc. 375, 1017–1024 (2007) doi:10.1111/j.1365-2966.2007.11367.x
Active galactic nuclei and galaxy interactions
M. Sol Alonso,1,2 Diego G. Lambas,1,3 Patricia Tissera1,4 and Georgina Coldwell1,3
1Consejo Nacional de Investigaciones Cientı´ficas y Te´cnicas, Argentina
2Complejo Astrono´mico El Leoncito, Argentina
3Observatorio Astrono´mico de la Universidad Nacional de Co´rdoba, Argentina
4Instituto de Astronomı´a y Fı´sica del Espacio, Argentina
Accepted 2006 December 1. Received 2006 November 24; in original form 2006 August 9
ABSTRACT
We perform a statistical analysis of active galactic nucleus (AGN) host characteristics and
nuclear activity for AGNs in pairs and without companions. Our study concerns a sample of
AGNs derived from the Sloan Digital Sky Survey Data Release 4 data by Kauffmann et al.
and pair galaxies obtained from the same data set by Alonso et al. An eye-ball classification of
images of 1607 close pairs (rp < 25 kpc h−1, V < 350 km s−1) according to the evidence of
interaction through distorted morphologies and tidal features provides us with a more confident
assessment of galaxy interactions from this sample. We notice that, at a given luminosity or
stellar mass content, the fraction of AGNs is larger for pair galaxies exhibiting evidence for
strong interaction and tidal features which also show signs of strong star formation activity.
Nevertheless, this process accounts only for a ∼10 per cent increase of the fraction of AGNs.
As in previous works, we find AGN hosts to be redder and with a larger concentration morpho-
logical index than non-AGN galaxies. This effect does not depend on whether AGN hosts are
in pairs or in isolation. The O III luminosity of AGNs with strong interaction features is found
to be significantly larger than that of other AGNs, either in pairs or in isolation. Estimations
of the accretion rate, L[O III]/MBH, show that AGNs in merging pairs are actively feeding
their black holes, regardless of their stellar masses. We also find that the luminosity of the
companion galaxy seems to be a key parameter in the determination of the black hole activity.
At a given host luminosity, both the O III luminosity and the L[O III]/MBH are significantly
larger in AGNs with a bright companion (Mr < −20) than otherwise.
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1 I N T RO D U C T I O N
Galaxy–galaxy interactions can be an effective mechanism to reg-
ulate the star formation activity in galaxies. Studies of galaxies in
pairs in larger surveys such as the 2dF Galaxy Redshift Survey (2dF-
GRS) and the Sloan Digital Sky Survey (SDSS) showed with high
statistical signal that star formation is enhanced by a factor of 2 in
close systems (Lambas et al. 2003; Alonso et al. 2004). The trend
of increasing star formation for decreasing relative velocity and
projected separation was first shown by Barton, Geller & Kenyon
(2000). This trend was confirmed to be in place independently of
the characteristics of environment by Alonso et al. (2006).
The physics behind the triggering of star formation activity dur-
ing galaxy–galaxy interactions have been explained by theoreti-
cal (Martinet 1995 and references therein) and numerical analysis
(e.g. Toomre & Toomre 1972; Barnes & Hernquist 1992, 1996;
Mihos & Hernquist 1996). These studies showed that the starbursts
E-mail: salonso@casleo.gov.ar
are fuelled by gas inflows produced by the tidal torques generated
during the encounters. The efficiency of this mechanism depends
on the particular internal characteristics of galaxies and their gas
reservoir.
Besides feeding star formation, these gas inflows could also feed
a central black hole and active galactic nucleus (AGN) activity
(Sanders et al. 1988). The co-evolution of galaxies and black holes
is now widely accepted although many details on how this coexis-
tence works are still understudied (Heckman et al. 2004). Toomre &
Toomre (1972) suggested that collisional disruption and gas dissi-
pation could feed the nuclear activity of galaxies. Other ideas about
the fuelling of active galaxy nuclei are the disc of barred galax-
ies generated by internal instabilities which can lead the gas to the
centre of galaxies (Schwartz 1981; Shlosman, Begelman & Frank
1990) and the presence of more than one supermassive black hole
which seems likely in the nucleus of merger remnants (Begelman,
Blandford & Rees 1980).
Certainly, all these processes may provide clues to solve the AGN
fuelling problem. However, the AGN–galaxy interaction paradigm
has been the issue of several studies which aim to determine, for
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example, the frequency of AGNs in a sample of interacting galax-
ies, the proximity effects of a close companion on the AGN power,
etc. Dahari (1985), in a sample of 167 systems, found that there
is an excess of Seyferts among spiral interacting galaxies and also
that Seyfert activity and the existence of external tidal forces are
interrelated. However, Seyfert nuclei were not found in interacting
ellipticals. From a statistical study of companions of Seyfert galax-
ies, Fuentes-Williams & Stocke (1988) derived that Seyfert galaxies
have a marginal excess of comparable size companions and a clear
excess of faint companions. However, Keel (1996) found that the
presence of AGN does not seem to be related with the type of col-
lisional interaction.
Conversely, Schmitt (2001) analysed a sample of different types
of active galaxies such as LINERS, transition galaxies, absorption-
line galaxies, Seyfert and H II galaxies. This author showed that
galaxies of different activity types have a similar percentage of com-
panions to galaxies of similar morphological types with no nuclear
activity. This result suggests that interactions between galaxies are
not a necessary condition to trigger the nuclear activity in AGNs.
Similar results were found by Kelm, Focardi & Zitelli (2004) by
studying a sample of Seyferts in UZC-Compact Groups and by
Coldwell & Lambas (2006) who analysed the percentage of close
companions of SDSS quasars within the range rp < 100 kpc h−1
and V < 350 km s−1.
An interesting approach to study the role of interactions on the
feeding of both star formation and black holes is to study AGN
activity in galaxy pairs. In fact, Storchi-Bergmann et al. (2001)
found a correlation between AGN and star formation activity in
interacting galaxies by analysing 35 Seyfert 2 nuclei. The galaxy
spectral information available in large surveys provides unique in-
formation and high statistical numbers to study on a more robust ba-
sis the relation between these processes. In this paper, we combine
the galaxy pair sample constructed by Alonso et al. (2006) from
the SDSS Data Release 4 (SDSS-DR4) with a sample of 88 000
narrow-line AGN selected by Kauffmann et al. (2003a,b, hereafter
K03) from the SDSS-DR4, which is hitherto the largest sample of
AGNs.
In Section 2, we briefly describe the AGN and pair catalogues.
Section 3 analyses the properties of hosts of Type 2 AGN galaxies.
Section 4 provides a comparative statistical analysis of AGN hosts
in pairs and without companions with the aim of unveiling the role
of interactions in triggering AGN activity. In Section 5 we give our
main conclusions and discussion of the results.
2 S D S S - D R 4 DATA
The SDSS (York et al. 2000) in five optical bands will map one-
quarter of the entire sky and perform a redshift survey of galaxies,
quasars and stars. DR4 is the major catalogue which provides im-
ages, spectra and redshifts for download. The imaging portion com-
prises 6670 deg2 of sky imaged in five wavebands (u, g, r, i and z)
containing photometric parameters of 180 million unique objects.
The main galaxy sample is essentially a magnitude-limited spec-
troscopic sample (Petrosian magnitude) rlim < 17.77, most of the
galaxies span a redshift range 0 < z < 0.25 with a mean redshift at
z = 0.1 (Strauss et al. 2002).
The SDSS-DR4 has more than 500 000 galaxy spectra and in-
cludes different galaxy properties such as magnitudes, star forma-
tion indicator, concentration index parameters, etc. From the SDSS-
DR4, K03 have constructed a catalogue with a subset of 88 178
narrow-emission-line galaxies that are classified as AGN, within
the redshift range 0.02 < z < 0.3.
Considering the unified model (Antonucci 1993), AGNs can be
separated into two categories: Type 1 AGN where the black hole
and the associated continuum and broad-emission-line region are
viewed directly and Type 2 AGNs where only the narrow-line re-
gion can be observed due to the obscuring medium. The Baldwin,
Phillips & Terlevich (1981, hereafter BPT) line-ratio diagram al-
lows us to distinguish Type 2 AGNs from normal star-forming
galaxies by considering the intensity ratios of two pairs of rela-
tively strong emission lines. The sample of Type 2 AGN of K03
was selected taking into account the relation between spectral lines,
[O III]λ5007, Hβ, [N II]λ6583 and Hα luminosities where an AGN
is defined if
log([O III]/Hβ) > 0.61
log([N II]/Hα) − 0.05 + 1.3. (1)
We then use 88 000 Type 2 AGNs in the K03 catalogue. The
luminosity of the [O III]λ5007 emission line will be used as a tracer
of AGN activity.
2.1 SSDS-DR4 galaxy pair catalogue
In our previous works (Lambas et al. 2003; Alonso et al. 2004, 2006),
we selected galaxies in pairs adopting projected relative distance and
relative velocity thresholds: rp < 100 kpc h−1 and V < 350 km s−1.
We found that these limits are adequate to define galaxy pairs with
enhanced star formation activity. In these works we also detected a
clear correlation between star formation activity and the proximity
to a close neighbour supporting the physical scenario where tidal
torques generated during the interactions trigger gas inflows, feeding
the star formation activity.
For the purpose of analysing the effects of close interactions,
which are known to produce the strongest effects, we selected close
pair galaxies by requiring rp < 25 kpc h−1 and V < 350 km s−1.
With this further restriction to closer relative separations, the effects
of interactions are largely increased as shown by Lambas et al.
(2003). Galaxy pairs are only selected within a redshift range 0.01 <
z < 0.10 in order to avoid strong incompleteness at larger distances
as well as significant contributions from peculiar velocities at low
redshift. The final pair catalogue in the SDSS-DR4 comprises 1607
close galaxy pairs. Following the procedure explained by Lambas
et al. (2003), we constructed a control sample by selecting those
galaxies without a close companion within rp < 100 kpc h−1 and
V < 350 km s−1. The control sample is also required to have the
same redshift and magnitude distribution as our close galaxy pair
catalogue.
As discussed in Alonso et al. (2006), the effects of incomplete-
ness or aperture (e.g. see also Balogh et al. 2004a,b) do not in-
troduce important bias in the galaxy pair catalogues. Regarding
incompleteness, by combining the spectroscopic and photometric
surveys, Alonso et al. (2006) estimated that the spectroscopic cata-
logue has only an incompleteness of ≈9.5 per cent. Hence, neither
effect is expected to have a strong impact in our close galaxy pair
catalogue.
3 T H E H O S T S O F T Y P E 2 AG N s
I N G A L A X Y PA I R S
As a first step, we identify AGN hosts in our close pair cata-
logue (i.e. pairs with rp < 25 kpc h−1 and V < 350 km s−1) by
cross-correlating it with the AGN catalogue. We found 498 galaxy
pairs with one member exhibiting AGN activity. This represents
≈30 per cent of the total close pair catalogue. We also detected
C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 375, 1017–1024
Downloaded from https://academic.oup.com/mnras/article-abstract/375/3/1017/1141155/Active-galactic-nuclei-and-galaxy-interactions
by AAG Fac de Agronomia user
on 20 September 2017
AGNs and galaxy interactions 1019
(a)
-23 -22 -21 -20 -19 -18
0
0.05
0.1
0.15
0.2 (b)
9 10 11 12
0
0.05
0.1
0.15
0.2
0.25
(u-r)
(c)
1 2 3
0
0.05
0.1
0.15
0.2
C = (r90/r50)
(d)
1.5 2 2.5 3 3.5 4
0
0.05
0.1
0.15
0.2
Figure 1. (a) r-band absolute magnitude, (b) mass in stars, (c) u − r colour
and (d) concentration parameter distributions. Solid lines correspond to
AGNs in pairs, dashed lines to AGNs without companions, and dotted lines to
a control sample of non-AGN galaxies with a similar luminosity distribution
to AGNs.
that 108 close pairs have both members classified as AGNs
(≈7 per cent). Then, the final SDSS-DR4 AGN-pair catalogue com-
prises 606 pairs.
For the purpose of properly assessing the significance of the re-
sults obtained from AGN galaxies in pairs, we defined a sample
of isolated AGN galaxies from the SDSS-DR4 by selecting those
galaxies without a companion galaxy within rp < 100 kpc h−1 and
V < 350 km s−1, within the same redshift range of the AGN close
pair catalogue. The procedure followed to construct the sample of
isolated AGN galaxies ensures that it will have the same selection
effects as the AGN galaxy pair sample, and consequently, it can be
used to estimate the actual difference between AGN galaxies in pairs
and isolated AGNs, unveiling the effect of the interactions. A simi-
lar reasoning motivated the definition of a non-AGN galaxy sample
with the same luminosity distribution as galaxies in the AGN-pair
catalogue.
The distribution of absolute magnitude in the r band (Mr) and the
stellar mass (M∗) of AGNs in pairs, isolated AGNs, and a control
sample of non-AGN galaxies with a similar luminosity distribution
to the hosts of AGNs are shown in Fig. 1. It can be seen that the lu-
minosity distribution is similar in the three samples, but the fraction
of large stellar mass objects among AGN hosts is larger than that of
non-AGN hosts: the percentage of galaxies with log (M∗) > 11 is
15.8 per cent for AGNs in pairs, 19.7 per cent for isolated AGNs and
9.8 per cent for non-AGN hosts. In fact, there are very few AGNs
in galaxies with M∗ < 1010 M. As is well known, the majority of
low-mass galaxies have a young stellar population and a significant
fraction is currently experiencing strong star formation activity.
In Fig. 1(c), we plot the (u − r) distributions for the same sam-
ples. As can be appreciated from this figure, the colour distribution
of the control sample of non-AGN galaxies is clearly bimodal as
expected (e.g. Baldry et al. 2004). However AGNs, regardless of
being in pairs or in isolation, have (u − r) colours consistent with
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-1
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0
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Figure 2. BPT diagnostic diagram. The filled circles correspond to AGN-
pair galaxies and filled triangles to AGNs without companions. The dashed
curve represents the demarcation between starburst galaxies and Type 2
AGNs defined by K03.
a red host population. Fig. 1(d) shows the concentration parameter
distribution, C, defined as the ratio between the radii enclosing 90
and 50 per cent of the galaxy light in the Petrosian r band. Recall that
Strateva et al. (2001) found that galaxies with C > 2.6 are mostly
early-type galaxies, whereas spirals and irregulars have 2.0 < C <
2.6. From the distributions of Fig. 1(d), it can be appreciated that
AGNs reside preferentially in bulge dominated galaxies in contrast
to the control sample of non-AGN galaxies which show the expected
C bimodality.
In Fig. 2 we show the BPT diagnostic diagram, plotting the ra-
tio [O III]λ5007/Hβ versus the ratio [N II]λ6583/Hα for AGN-pair
galaxies and AGNs without a near companion. As can be appreci-
ated, there is not an evident difference between isolated AGNs and
AGNs in pairs.
Hence, colours, morphology as measured by C or luminosity do
not provide evidence that interactions could play a role in the trig-
gering or regulation of the AGN activity. AGN hosts show similar
distributions regardless of the presence of a close companion. How-
ever, taking into account previous results such as those of Storchi-
Bergmann et al. (2001), a clear signal of correlation between the
AGN activity and interactions could be detected by restricting to
active star-forming systems. In our previous studies of galaxies in
pairs we found that there is an important fraction of galaxies that,
although being close in projected space, do not exhibit strong star
formation activity. It is very unlikely that at these close projected
distances (rp < 25 kpc h−1 and V < 350 km s−1) pairs could be
strongly affected by interlopers (Alonso et al. 2004; Pe´rez et al.
2006). However, it is possible that, owing to particular characteris-
tics of the orbital parameters or internal structure, these pairs do not
experience strong tidal torques that can drive gas inflows. Motivated
by these facts, in the next section we discuss a new classification for
close galaxy pairs based on a visual morphological analysis of their
members.
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3.1 Classification of pair galaxies
By using the photometric SDSS-DR4, we classified all galaxies in
the close pair catalogue taking into account the eye-ball detection of
features characteristic of interactions. Three categories have been
defined as follows:
(i) pairs with evidence of an ongoing merging process (m: merg-
ing pairs);
(ii) pairs with signs of tidal interactions but not necessarily merg-
ing (t: tidal pairs);
(iii) pairs showing no evidence of distorted morphologies (n: non-
interacting pairs).
Fig. 3 shows images of typical examples of close pair galaxies
for the three different visual classifications: m, t and n. Hereafter
we will carry out the analysis by distinguishing them according
to these categories. Note that although the m category refers to
systems in advance stages of interactions, the two systems could be
still individualized by the SDSS survey.
3.1.1 Analysis of deblending for merging pair galaxies
In order to analyse the effects of how reliably the SDSS photometric
deblending procedure works in merging galaxy pairs (m) for which
Figure 3. Examples of galaxy images in close pairs with different classi-
fication: evidence of an ongoing merging process, m (upper panels), pair
with a sign of tidal interaction but not necessarily merging, t (middle panels)
and pair galaxies showing no evidence of distorted morphologies, n (lower
panels).
Figure 4. r-band magnitude derived from SEXTRACTOR routines versus
r-band magnitude extracted from SDSS, for a sample of isolated galaxies
(open circles) and for a subsample of close pair galaxies (triangles).
we expect the largest uncertainties, we have carried out suitable tests
to determine independent magnitudes for this sample.
For this purpose we have studied directly galaxy images extracted
from SDSS and we have used SEXTRACTOR routines to derive galaxy
magnitudes. We have used first a set of isolated galaxies which serve
as a control sample for testing the photometry. For this sample, our
photometry gives r-band magnitudes with 0.02 rms difference com-
pared to those quoted in SDSS, indicating the consistency of our
results with SDSS magnitudes when no deblending procedure is re-
quired. The second sample is composed of 50 merging galaxy pairs
(m) extracted at random from our total sample of 383 m-pairs (with
typical projected separation rp < 12 kpc h−1). We calculated the
total magnitude of the pair which according to our previous analy-
sis should be within 0.02 mag compared to SDSS measurements in
the case that deblending is accurately working. We find, however,
that the deblending procedure in SDSS introduces a larger uncer-
tainty since by adding the quoted luminosities in SDSS, the typical
difference rises to 0.12 rms. In Fig. 4 we show r-band magnitude de-
rived from SEXTRACTOR routines versus r-band magnitude extracted
from SDSS, for a sample of isolated galaxies and for a subsample of
50 merging pairs. This simple and robust test gives useful estimates
of the uncertainties introduced by the deblending procedure adopted
in SDSS which we argue are about 0.12 mag. We also notice the
lack of systematics in SDSS deblending procedures, since the dif-
ference between our SEXTRACTOR measurements and quoted SDSS
magnitudes has an approximately zero mean.
In summary, this analysis indicates that SDSS magnitudes can be
suitably used in our analysis in the following sections provided an
rms scatter of 0.12 mag is not seriously affecting the results.
3.1.2 Frequency of AGNs
For the three categories defined above, we calculate the percentage
of pairs with AGNs. As we can notice from Table 1, we found that
≈30 per cent of close galaxy pairs host AGNs, regardless of the
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Table 1. Percentages of AGNs.
Categories Total pairs m t n Total control
Number of close pairs 1607 383 688 536 14 359
Per cent of AGNs 32 31 32 28 23
(a)
(b)
Figure 5. Fraction of AGNs in merging-pair galaxies (solid lines), in tidal
pairs (dotted lines), in non-interacting pairs (dot–dashed lines) and in galax-
ies without companions (dashed lines), as a function of Mr (a) and M∗ (b).
category they belong to, and that isolated galaxies without compan-
ions have a lower AGN frequency (∼23 per cent).
Since the AGN phenomenon is a strong function of host luminos-
ity, we analysed the fraction of AGNs in each of the pair categories
and in the control sample, for different stellar mass content and lu-
minosity intervals. In Fig. 5, we display the fraction of AGNs as a
function of r-band luminosity and stellar mass. The results indicate
that the fraction of hosts with AGN activity increases with luminos-
ity in a similar fashion for AGNs in pairs or in isolation. However,
we notice that, at a given mean luminosity or mean stellar mass,
merging pairs tend to have a higher frequency of AGNs than pairs
in the two other categories or in the control sample. Nevertheless,
this excess is approximately ≈10 per cent.
3.1.3 Stellar population ages in AGN hosts
The strongest discontinuity occurring at 4000 Å in the optical spec-
trum of a galaxy arises from the accumulation of a large number of
spectral lines in a narrow wavelength region where the main contri-
bution to the opacity comes from ionized metals. The break index
Dn(4000) (Kauffmann et al. 2003a) is defined as the ratio of the av-
erage flux densities by using narrow continuum bands (3850–3950
Å and 4000–4100 Å). The Dn(4000) indicator is suitably correlated
to the mean age of the stellar population in a galaxy and can be used
to estimate the star formation rate per unit stellar mass, SFR/M∗
(Brinchmann et al. 2004). The majority of star formation takes place
preferentially in galaxies with low Dn(4000) values, for instance,
(a)
(b)
Figure 6. Dn(4000) as a function of (a) Mr and (b) M∗. The different types
of lines indicate AGNs in merging-pair galaxies (solid lines), AGNs in tidal-
pairs (dotted lines), AGNs in non-interacting pairs (dot–dashed lines) and
AGNs in galaxies without companions (dashed lines).
only 12 and 2 per cent of the total SFR density are associated to
galaxies with Dn(4000) > 1.8 and Dn(4000) > 2.0, respectively.
We have analysed the behaviour of this parameter as a function
of stellar mass and luminosity for AGNs in pairs and in isolation.
The results are given in Fig. 6 where it can be seen that AGNs
in merging pairs have significantly lower values of Dn(4000). This
finding suggests that these galaxies have experienced more recent
episodes of star formation as expected since they are effectively in
an ongoing merger event.
The trends shown in Figs 5 and 6 support the scenario where
interactions could drive both star formation and AGN activity via
the triggering of gas inflows to the central region. The fact that we
are actually detecting the strongest signal for merging pairs could be
indicating that fusions could be more efficient than tidal torques pro-
duced during the orbital decay to feed both AGN and star formation
activity.
4 P RO P E RT I E S O F AG N s I N I N T E R AC T I N G
G A L A X I E S : [ O I I I ] L U M I N O S I T Y A N D B L AC K
H O L E M A S S
As a tracer of the AGN activity, we focus here on the luminosity of
the [O III]λ5007 line, calculated by K03 in SDSS-DR4 AGN galax-
ies. Although this line can be excited by massive stars as well as by
AGNs, it is known to be relatively weak in metal-rich, star-forming
galaxies. The [O III] line also has the advantage of being strong
and easily detected in most galaxies. It should be noticed that the
narrow-line emission is likely to be affected by dust within the host
galaxy (Kauffmann et al. 2003b). Thus it is important to correct the
L[O III] luminosities for the effects of extinction. For AGNs in SDSS,
K03 measured the extinction using the Balmer decrement, finding
that the best approximation for a dust correction to L[O III] is based
on the ratio Hα/Hβ. We will consider the luminosity L[O III] =
106.5 L as a limit between weak and powerful AGNs. A weak
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Figure 7. Distributions of L[O III] (a) and black hole mass (b) in AGNs
merging-pair galaxies (solid lines), AGNs in tidal-pairs (dotted lines), AGNs
in non-interacting pairs (dot–dashed lines) and AGNs in galaxies without
companions (dashed lines).
L[O III] emission indicates that the black hole is not rapidly growing
(Heckman et al. 2004).
We estimated black hole masses, MBH, for both AGNs with and
without companions by using the observed correlation between MBH
and the bulge velocity dispersion σ ∗ (Tremaine et al. 2002):
log MBH = 8.13 + 4.02 log
(
σ∗
200
)
. (2)
We restrict this analysis to AGN galaxies with σ ∗ > 70 km s−1,
corresponding to log MBH > 6.3, because the instrumental resolution
of SDSS spectra is σ ∗ ≈ 60–70 km s−1. The aperture corrections
to the stellar velocity dispersions are small in early-type galaxies in
SDSS (Bernardi et al. 2003), so we do not apply such corrections.
In Fig. 7(a), we show the distribution of L[O III] for AGNs in
galaxies in merging pairs, tidal-pairs, non-interacting pairs and with-
out a close companion. As can be clearly appreciated, AGNs in pairs
with evidence of ongoing merging processes (m) show larger lumi-
nosities L[O III] than AGNs in isolation or in the other two-pair
categories. In fact, while 62.4 per cent of AGNs in merging pairs
have L[O III] > 106.5 L, only 43.3 per cent of isolated AGNs show
such a powerful activity. Note that the other two-pair categories have
AGN luminosity distributions similar to that of isolated AGNs.
In Fig. 7(b), we show the distribution of black hole masses, MBH,
for AGNs grouped similarly to Fig. 7(a). It can be appreciated in
this figure that although there is a trend for MBH to be systematically
larger for AGNs in merging pairs, the difference is not as significant
as the signal detected for L[O III], being only less than 0.15 dex.
It is interesting to further investigate the strength of AGNs as
a function of host luminosity and stellar mass. Therefore, we cal-
culated the mean L[O III] as a function of r-band luminosity and
stellar mass content of the corresponding host galaxies. These rela-
tions have been estimated for AGNs in the three pair categories (m,
t, n) and for isolated AGNs. From the results shown in Fig. 8(a), it
can be clearly appreciated that, in general, the most luminous hosts
show the highest L[O III]. We can also see that AGNs in merging
Figure 8. L[O III] (a, b) and MBH (c, d) as a function of Mr and M∗ for AGNs
in merging pairs (solid lines), tidal pairs (dotted lines), non-interacting pairs
(dot–dashed lines) and AGNs in galaxies without close companions (dashed
lines).
pairs show higher L[O III], regardless of the luminosity and stellar
mass of the host galaxy, indicating that the black hole activity is
stronger for AGNs in advance stages of interactions. In fact, for
host galaxies with M∗ > 1010.5 M, the mean L[O III] of merging
pairs is larger by half an order of magnitude than the mean L[O III]
of the rest of the samples. A similar estimation for MBH confirms
the trend found in Fig. 7(b). Black hole masses are slightly larger
for AGNs in merging pairs than for the rest of the categories.
The ratio of [O III] luminosity to black hole mass [R =
log(L[O III]/MBH)] provides a useful measure of the accretion rate
on to a black hole (Heckman et al. 2004). In our calculations we
have not converted the L[O III] to volume-averaged luminosities but
by using the relations displayed in fig. 2 of Heckman et al. (2004)
it is possible to infer an accretion time for AGNs in pairs. In Fig. 9
we show R as a function of host luminosity (a), stellar mass (b)
and black hole mass (c), for AGNs in the three defined pair cate-
gories (m, t, n) and in isolated hosts. In agreement with the previous
results, we found that black holes in smaller or fainter systems are
more active than black holes in larger or brighter systems. Heckman
et al. (2004) concludes that the most rapidly growing black holes
are those with MBH < few times 107 M with an implied growth
time approximately twice the age of the Universe. From Fig. 9(c)
we can appreciate that black holes with MBH < few times 107 M
have significantly higher accretion rates than larger ones.
The relations shown in Fig. 9 indicate that, although in general
the smallest black holes are the ones that exhibit the highest rates
of accretion, AGNs in merging pairs host the most rapidly growing
black holes. In fact, AGNs in merging pairs have the most powerful
black holes and the ones that are growing faster, besides hosting
stellar populations which show a clear signal of being significantly
rejuvenated by recent starbursts.
Finally, we have also investigated the role played by the AGN
companion in powering the AGN activity. This was accomplished
by calculating, for each AGN in pairs, the O III luminosity and
L[O III]/MBH as a function of its r-band luminosity and stellar mass
C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 375, 1017–1024
Downloaded from https://academic.oup.com/mnras/article-abstract/375/3/1017/1141155/Active-galactic-nuclei-and-galaxy-interactions
by AAG Fac de Agronomia user
on 20 September 2017
AGNs and galaxy interactions 1023
Figure 9. MeanR = log(L[O III]/MBH) as a function of M∗ (a), Mr (b) and
MBH (c) for AGNs in merging pairs (solid lines), tidal pairs (dotted lines),
non-interacting pairs (dot–dashed lines) and AGNs in galaxies without close
companions (dashed lines).
content, considering separately pairs with a bright and a faint com-
panion. For that purpose, we adopted Mr = −20 as the magnitude
threshold. The results shown in Fig. 10 clearly indicate that AGN ac-
tivity in hosts with bright companions is significantly enhanced with
respect to that of AGNs with faint companions, both the AGN power
and accretion rate being significantly larger. This finding provides
evidence that not only is nuclear activity affected by the presence of
Figure 10. Mean L[O III] (a, c) andR = L[O III]/MBH (b, d) as a function
of Mr and M∗ for AGNs in pairs (solid lines), AGNs in galaxies with a bright
pair companion (Mr < −20.0) (dotted lines), and AGNs with a faint pair
companion (Mr > −20.0) (dashed lines).
a very close companion, but also the relative mass (or luminosity)
is an important issue to take into account.
5 S U M M A RY A N D C O N C L U S I O N S
We have performed a statistical analysis of both host characteristics
and nuclear activity of AGNs in pairs and without close companions.
Our study is based on the sample of AGNs derived from the SDSS-
DR4 release by K03 and the pair galaxies obtained from the same
data release. We have complemented the SDSS-DR4 data with the
addition of a eye-ball classification of images of 1607 close pairs
(rp < 25 kpc h−1, V < 350 km s−1) according to the evidence of
interaction through distorted morphologies and tidal features. Also,
we have performed a photometric analysis to assess the reliability of
the SDSS magnitude deblending procedure in merging pairs, finding
negligible systematic effects.
Our main results are as follows.
(1) The fraction of AGNs as a function of r-band luminosity or
stellar mass is larger for merging pairs. However, this is a relatively
small effect accounting for an increase of less ∼10 per cent due to
tidal interactions.
(2) AGN hosts are redder and with a larger concentration mor-
phological index than non-AGN galaxies. This effect is similar for
AGN hosts in pairs or in isolation.
(3) We find that the loci of AGNs with and without close com-
panions in the BPT diagram are consistent with each other.
(4) At a given host r-band luminosity or stellar mass, we find
the AGN O III luminosity to be enhanced for AGNs with strong
interaction features (i.e. merging pairs). We found that while
62 per cent of AGNs in merging pairs have L[O III] > 106.5 this
decreases to 43 per cent in the case of isolated AGNs.
(5) Estimations of the mean accretion rates on to the black holes of
AGNs in pairs in the three defined categories and in isolation indicate
that AGNs in merging pairs have more active black holes than other
AGNs, at a given r-band luminosity or stellar mass content. We
estimated that 27 per cent of AGNs in merging pairs have L[O III] >
106.5 and MBH < 3 × 107 M and can be considered as feeding their
black holes with high efficiency (Heckmann et al. 2004). In the case
of isolated AGNs (selected to have the same), this decreases to 21 per
cent. On the other hand, all AGNs in merging pairs have Dn(4000)
< 1.8 which indicates that they also have active star formation.
Interestingly we also found that 17 per cent of isolated AGNs have
powerful emission, MBH < 3 × 107 M and have also experienced
significant star formation activity in the recent past with Dn(4000) <
1.8. These trends open the possibility that isolated AGNs with active
black holes have experienced a recent merger. It is also possible that
secular evolution could be responsible for feeding the black hole
and the star formation activity if a gaseous disc is present. More
detailed data are needed to draw a conclusion on this point.
(6) We find that the luminosity (or mass in stars) of the companion
galaxy is a key parameter to determine the activity of the black hole.
Both the O III luminosity and the accretion rates L[O III]/MBH for
AGNs with bright close companions are significantly larger than for
those of AGNs with faint neighbours.
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